Abstract
system (PTS) -the mechanism via which E. coli uptakes glucose -and its genetic regulation.
28
We encoded their model in SBML format, now available from the BioModels database with 29 accession number MODEL1501300000.
30
We found that the Nishio model shows a non-monontonic response of glucose flux to changes 31 in glucose levels: as glucose concentration increases beyond approximately 0.01 mM, glucose 32 uptake rate decreases. This non-physiological response appears to be due to an imbalance 33 between the "accelerator" and "brake" modules. Since this balance is controlled by the 34 "computer" module, we focused on this module to rebalance the two others. By increasing 35 the affinity of CYA for IIAP -changing the parameter kb in reaction binding IIA P Cya 36 from 100 to 5000 mM −2 -this non-physiological behaviour is alleviated.
37
We rescale glucose flux, as above, to rate 1.23 mM s −1 . This means that Nishio, and the 38 metabolic module set out above, are compatible models: their overlapping elements -the 39 PTS system -have equal fluxes, and the two models may be easily merged by removing the 40 simple PTS reaction from the metabolic model, and appending the entire Nishio model.
41
The model is then expanded through inclusion of transcription and translation for all the 43 metabolic enzymes. This is achieved by using the transcriptional and translational reactions 44 of Nishio to guide us as to typical parameter values for these processes. The approach of 45 building models using typical parameter values has been used previously to derive large-scale 46 metabolic models [9, 10]; the justification is that model is largely driven by its structure, and hence approximate parameter values are often sufficient to produce correct overall behaviour.
48
Typical parameter values are set out in Table 1 .
49
We finally added transcriptional regulation, in addition to that already in present in Nishio.
50
Included regulatory interactions are set out in Table 2 . This model may be useful in the field of systems biology, to investigate the specific roles of 76 metabolic and hierarchical regulation in the long-term response of E. coli to environmental factories in biotechnology.
79
The model outlined here is available from the BioModels database with accession number 80 MODEL1503050000.
81
Acknowledgements KS was funded by the EU FP7 (KBBE) grant 289434 "BioPreDyn: Figure 1 : A sudden decrease of glucose levels (from 2 mM to 10 µM) is applied to the model at t = 100 s. The glucose uptake flux immediately decreases after the decrease of glucose concentration (A). This results in an increase of cAMP production (B) and of its concentration (C). In turn, the concentration of Crp:cAMP complex increases (D) and regulates the transcription of genes encoding metabolic enzymes (e.g. cyaA, E) and global regulators (e.g. crp, G). The dynamics of mRNA levels (e.g. cyaA, F, and crp, H) are slower. 
